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Envelope extraction algorithm and phonocardiogram signal application based on wavelet

transform
Zhou Su, Judith Diengi Zeyi, Wu Xiao-ming, Huang Yue-shan

Abstract

BACKGROUND: The activity of heart valves can be reflected by cardiac sounds, even some heart disease can also find
expression in the abnormal heart sounds. So heart sounds analysis has important clinical significance.

OBJECTIVE: Through extraction envelope and analysis of the various features of heart sounds, to detect whether there is noise
or not in phonocardiogram signals so as to improve the weakness of traditional auscultation technology such as high dependence
on the doctors’ experience and the limited auscultation range.

METHODS: Extraction envelope curve is one of the commonly used methods to analyze heart sounds. A new method based on
wavelet transform to extract the heart sound signals envelope was presented, in contrast to the common methods as
Hilbert-Huang transform (HHT), mathematical morphology and average Shannon energy. Through practice, the method was
proved to contain many advantages: simple algorithm, smooth feature, outstanding feature point.

RESULTS AND CONCLUSION: In order to test the accuracy of discriminating normal and abnormal heart sounds, 35 heart
sounds were collected and analyzed. The experiment demonstrated that the accuracy performances were achieved by 95%,
which is very useful in many aspects.
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Figure 1 Three layers wavelet decomposition
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a: Envelop curve of normal phonocardiogram signal
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b: Envelop curve of mitral stenosis phonocardiogram signal

Figure 2 Envelop curve obtained from wavelet
transform
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b: Envelop curve of HHT

Figure 3 Envelop curve obtained from Hilbert-Huang transform
(HHT) method
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Figure 4 Envelop curve of mathematical morphology
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Figure 5 Envelop curve of Shannon energy
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Table 1 The characteristic values of various phonocardiogram
signals

Kind of phonocardiogram Envelope area  Wavelet energy

Mitral stenosis 117.468 8 73.1950
Mitral incompetence 254.234 2 77.055 3
Aortic incompetence 250.981 3 75.777 6
Aortic valve stenosis 238.933 9 74.645 3
Normal phonocardiogram signals 70.694 70.789 2
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